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SUMMARY 

Test data of balanced ailerons have been collected from NACA 
and British sources. These data^ which are presented In the form 
of charts^ are grouped as A - ailerons with Frise balances, B - 
ailerons with blunt-nose balances, C - ailerons with internal 
balances, D - ailerons with contour modifications, and E - 
ailerons with tabs. Results of flight tests and of wind-tunnel 
tests in both two- and tliree-dimensicnal flow are presented but 
no correlation nor resume of the data has been included. Resumes 
are being published separately as completed. 



INTRODUCTION 

The demand for high rates of roll at high speed in combat 
aircraft and the general increase in the size and speed of air- 
planes of all types have made it necessary to provide very close 
aileron balance. 

Provision of close balance at large aileron deflections at 
high speed frequently results in overbalance at small aileron 
deflections or at low speeds. In some installations, moreover, 
an undesirable shaking of the controls has occurred under some 
conditions of flight. 

Many experimental investigations of ailerons have been made 
but all the results obtained have not been available to the 
manufacturers and, in general, the results have not been corre- 
lated nor summarized. A large amount of test data has been 
collected herein for convenient reference. These data are being 
analyzed, correlated, and summarized by the NACA; the results of 
these studies are being published separately as completed. 
(See references 1 and 2.) 

/ 
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Test results of Mlanced control surfaces of larger chord than 
are generally used for ailerons are not included in the present 
collection but are collected in reference 3, 



CLASSIFICATION OF DATA 

The present collection of data is divided into five sections 
as follows: 

A - ailerons with Frise iDalances 

B - ailerons with blunt -nose balances 

C - ailerons with internal balances . . . 

D - ailerons with contour modifications 
E - ailerons with tabs 

The parameters and s;>Tnbols used in the presentation of data 



are: 






lift coefficient 


% 


drag coefficient 




section lift coefficient 




section profile -drag coefficient 




hinge -moment coefficient 


% 


section hinge -moment coefficient 




rolling-moment coefficient about axis in plane of symmetry . of 


complete model or airplane, referred to wind axes 
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C^' yaving -moment coefficient about axis in plane of symmetry 
of complete airplane or model^ referred to wind axes 

pitching -moment coefficient 

Gjui section pitching -moment coefficient ahout quarter-chord 

point of airfoil 

pb/sy helix angle of airplane in roll 

p rolling velocity; also, static pressure 

Pq free -stream static pressure 

a angle of attack 

section angle of attack 

\1; angle of yaw 

6 deflection angle 

A aspect ratio 

X ratio of tip chord to root chord 

"b wing span; also used with subscripts to denote components 

of wing 

J I distance from plane of symmetry to inboard end of 

aileron 

Jq distance from plane of symmetry to outboard end of 

aileron 

c wing chord; also used with subscripts to denote components 

of wing 

c mean wing, chord; also used with subscripts to denote com- 

ponents of wing 
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tg^ aileron semithicknesB at hinge 

At increase of aileron tralling-edge thicmese 

H-^ radius of junctui'e "between "bevel and control surface 

^ trailing -edge. angle> included between sides which form trailing 
edge 

q local dynamic pressure 
qo free -stream dynamic pressure. 
Ap pressure across balance 
P pressure coefficient 

V free -stream velocity 

indicated velocity 
R Reynolds number 
M Mach number 
Fg stick force 
Subscripts; 



a 


aileron 


b 


balance; also^ bevel 


f 


flap 


s 


stick 


t 


tab 



Results of flight tests and of wind-tuirael tests in both two- 
and three-dimensional flow are presented. Some of the data have been 
replotted and are given in a form different from that in the original 
source. Supplementary information on the models and on the test con- 
ditions is given in table I, This table also gives published refer- 
ences and serves as an index to the results presented because the model 
or airplane designation is given in the first column of the table and 
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in the upper right-hand corner of each page of model drawings or 
test results. Some of the data have been corrected for tunnel- 
boundary effect Sc Wlien such corrections have heen estimated but 
not applied to the data^ the estimated correction factors are 
given in table I. 



AILERONS WITH FRISE BALANCES 

The results of teats and the test conditions for models and 
airplanes having ailerons vith Frise balances are given in table 
lA and in figures Al to AS6. The section characteristics of 
three models equipped with Frise ailerons are presented In fig* 
ures Al to A13, In general^ the ailerons tested did not seem 
very satisfactory in the negative deflection range; that is^ sharp 
breaks occurred in the hinge -moment and effectiveness curves at 
relatively lov negative deflections. This characteristic seems 
to be caused by separation of flow at the protruding nose. Fig- 
ure A4 shows that such separation may be delayed considerably by 
increasing the radius of the nose. A similar improvement was 
obtained for the aileron of model A-7III by raising the nose 
but maintaining the same nose radius (fig. A39). The ailerons 
of model A-III buffeted very badly over a large part of the neg- 
ative deflection range (reference 6) and only a few test points 
could be obtained in this region (fig. A13), The results of tests 
of various partial-span wing models and complete airplane models 
are presented in figures A14 to A49, Flight test results are 
given in figures A50 to ASS. The improvement obtained by increasing 
the nose radius is again evident from figure A22. Figure A24 shows 
that a high pressure peak can be expected at the nose portion 
which protrudes below the lower surface even though the nose radius 
is relatively large. The buffeting tendency of Frise ailerons was 
again evident in the tests of model A-VI (reference 7). The 
deflections at which oscillation occurred are indicated in figures 
A27 to A34. The characteristics of the ailerons of this series 
of tests were improved by bulging the lower surface or by attaching 
a slat to the aileron nose. The same modifications were found to 
reduce aileron buffeting in the flight tests of airplane A-XII. 
In connection with this series of tests, it was pointed out that 
bulging the lower surface may be unsatisfactory in some installations 
because it increases the downfloating tendency of the aileron. The 
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tically io loTll SScM?eieL'^f " deflections. Prac- 

« m eiiectiveness accompaniea this alteration. 

AlLEROm WITH BLUKT-NOSE BALMCES 

Section characteristic tol fJ^JT} f figures Bl to B43. 
ailerons are Wes^^'r^J^'^l^^^^t^^ ^J^-t-nose 
on an WACA 23012 airfoil selmZ L L ^^"^ blunt-noso ailerons 

ailerons on an NaS 66(215)!2?6 a ^'^^^f^^^^^y ^^an similar 

of be \ . yj^^ -216, a = 1.0 a.a-foil; that is, tho values 

[^o^M^l and (.c,/aa),^ vere close to zero and the unstalled 
deflection range was greater for the MCA 2-'01? «it^fn-n t 
the nose radii resulted in a slight lr^^'|L-|°^^(• . ^ht 

negative increase in (ac,/a5,)^ for sr^ll deVlectlonrhut, hecause 

Z mxtr^^Sl7/\:r\ef '"1^' deflections, 
hinge moments IZe 7s Jill i"" f™ "^r'"" corresponding ' 

that occurred over the noses If ai lSonS o^lhi^ f Pressures 
high, as may he seen from figure Bir ?h°t It ll^^T'^'' relatively 
With hlunt-nose balances vras^aSr^hSlho off 
unbalanced ailerons is IndicaS JrfSure B19 °' ^'^'^ 

of a -blunt-nose aileron on a cnrJ.fl a . ^ ® results of tests 

ures B33 to B43. T^refJe.?. of ! airpiai.. model are given in fig- 
nese hy f ixinrthe poinf of ?raLi t°? boundary-layer thlc?- 

hinge axis rear^a?d to Jb^fiJ T^J J'"' '''^ °^ ^°^i^'S the 

froS these resSs ^^^^'^"^ °^ ^^1^^°^ be obtained 



AILEEONS WITH IimEEK^iL BALANCES 



Data pertaining to ailerons with internal "balances are 
given in talDle IC and in figures CI to C89. Section character- 
istics are shomi in figures CI to C33: data for finite-span 
models in figures C34 to C77; and flight data in figures C78 to 
C89. Many of these data have heen aralyzed and summarized in 
reference 2 in which a discussion is r.iven of the balance required. 
The effects of changing the vent location^ the surface contour at 
the vents^ or the amount of leakage across the seal are also dis- 
cussed and it is shown that these modifications may sometimes he 
utilized for adjustment of the hinge -jaoment characteristics. The 
importance of leakage cannot he overG.-.phasized • The reduction of 
aileron rolling -moment effectiveness due to leakage may he incon- 
sequential hut a leakage area of only two -tenths of the vent area 
may reduce the effectiveness of the Ibteinal balance by 30 percent, 
as shown in figure 7 of reference 2. The effects of varying the 
length of the fabric seal and of vary ing the . shape of the balance 
chamber near the seal may sometimes be important but these effects 
cannot be detemined from the data novr available. An investigation 
of these variables, however, is now under way. 



AILERONS WITH GOKTOUR MODIFIGATIOKS 

The material presented in table ID and in figures Dl to D60 
includes data on several contour modifications that reduce hinge 
moments - such as bevels, bulges, and increased profile thickness - 
and also data on several contour modifications that incroaso 
hinge moments - such as trailing-edge strips, increased aileron 
chord and span, and decreased profile thickness. Section charac- 
teristics are shown in figures Dl to D17; data for finite-span 
models in figures D18 to D54; and flight data in figures D55" to 
DGO. A preliminary correlation has boon made of the effect of 
bevels at small deflections of sealed control surfaces (reference l). 
The correlation was made on the basis of the included angle between 
the upper and the lower surfaces at the trailing edge and included 
most of the data for sealed ailerons presented in figures D2 to D39. 
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The Improvement in effectiveness and the m' re nearly linear hinge - 
moment curves obtainable by sealing the ailoron gap when a bevel is 
used are shown in figures D22 to D24; D34^ and D39, 

The data on bulged or thickened aileron profiles shown in fig-- 
ures D46 to D48 were obtained on an unsealed Frise aileron. The 
effect of the changed profile was correlated in references 25 to 27 
with the maximum amount of the change in pix)file thickness and its 
position along the aileron chord as parameters. Tho effect of a 
hollow or a thickened profile on a plain sealed ailoron is shown in 
figures D2 to D7. An unaymmetrical bulge or bevel (figs. D30^ D35, 
and D47) or a reflexed trailing edge (fig. D17) may be used to give 
an upf loating or a downf loating tendency; this effect may be desir- 
able if the aileron has a differential linkage. 

The aileron-contour modifications previously mentioned provide 
balance by utilizing the difference in the boundary -layer thickness 
over the upper and the lower surfaces of the rear portion of the 
airfoil in such a way that the lift over this portion is altered. 
The aileron effectiveness as indicated by the static rolling moments 
will thus be reduced when a bevel or bulge is used. As is pointed 
out in reference 1, the loss in rolling po\;or of an aileron will 
be less than the loss in static rolling monent indicates, however, 
because the damping in roll is also reduced by the bevel or bulge. 

The results of flight tests cf several unsealed -aileron arrange 
ments on a fighter airplane are given in figures D5S to D60. The 
effects of using large trailing- edge angles and of fixing trans- 
ition are shown. 

The modifications shown in figures D16 and D49 to D54 are 
intended to increase the ratio of the hinge -moment parameters 
[SCh/Sa|6 and (^SCv^/SSJ . . Analysis showo that increasing the 

positive value of the ratio — K~V^ ^^^^ "^^^^ '^^ lighten stick 
forces during rolling. l^^h/^^aja, 



AILERONS WITI: TABS 



The results of tests and the test conditions for models and 
airplanes having ailerons with tabs are given in table IE and in 
figures El to E53. Section characteristics of tabs on two low-drag 
airfoils are presented in figures El to E7. Characteristics of 
ailerons with tabs on a number of semispan and full-span models 
are presented in figures ES to E46, A fairly large range of wing 
sections^ tab chords^ tab spans^ aileron chords, and. aileron balances 
is covered. 

A fair amount of data for tabs on ailerons v^^ith thickened and . 
beveled trailing edges is included. Tabs on such ailerons^ unfor- 
tunately, are most effective in producing aileron hinge moment 
when deflected in the same direction as the aileron. Figure E30 
shows a decrease in tab effectiveness SCv^/55t with increase in 
trailing-edge angle. 

Data from flight tests of an aileron equipped with a spring 
tab (fig. E47) are shown in figure E48, Because the spring unit 
was preloaded, the tab did not deflect until the stick force 
exceeded approximately pounds. Both aileron and tab were mass- 

balanced. Severe flutter was experienced when play developed in 
the tab linkage. This phenomenon is not peculiar to spring tab 
but may occur with any tab linkage having backlash. 

Characteristics of an airplane having ailerons with beveled 
trailing edges are shown in figures E4S to E53. For the balancing- 
tab tests (fig, E52), the stick travel was inadvertently set at 
±8 inches instead of =9 inches. As a result^ figures E52 and E53 
are not directly comparable. Information presented in figure E50 
for balancing tabs in operation has been corrected to a stick 
travel of ±9 inches. 



Langley Memorial Aeronautical Laboratcry, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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TABLE I.- SUPPLEI^ITARY INFORMATION REGARDING TESTS OF MODELS AND AIRPLANES HAVING BALANCED AILERONS - Continued 

C - AILERONS WITH INTERNAL BALANCES 



Model or airplane 



Desig- 
nation 

(1) 



Plan forn of surface 



C-YII 



! 1 SO" 



! 2^ 



: ,24 



\ao" 



! \80' 



Typical aileron section 










Airfoil 
a^oM on 



Root 



Tip 



tIACA 66(2x15) -216, 
a - 0.6 



NACA 66(2x15) -116. 
a = 0.6 



NACA low arag 
(See fig. CIO.) 



NACA low drag 
(fee fig • 



fig. C13.) 



NACA 66(215) -216, 
a = 0.6 



NACA low drag 
(See fig. C17.) 



NACA 66(215) -216, 
a = 1.0 



CO 



NATIONAL ADVISORY 



Aileron 
location 



yi 

b75 



yo 



CaA 



0.1642 

and 
0.1539 



0.167 



0.20 



al725 



0.173 



Type of 
test 



Corrections esti- 
mated but not 
applied 



Two 
dimensional 



Two 

dimensional 



Two 

dimensional 



Two 

dimensional 



Two 

dimensional 



Two 

dimensional 



Two 

dimensional 



None 



None 



None 



None 



None 



None 



^All designations that have the same superscript (a,b,c,..., or p) denote models or airplanes having the same wing plan f^rm and the sane airfoil section. 



Air-flow 
characteristics 



R = 4.2 X 10" 
to 5.3 X 10^ 
M= 0.14 to 0.18 



R = 6 X 10° 
M = 0.14 



R = 2.5 X 10° 



R = 6 X 10° 
M = 0.14 



R = 9.6 X 10° 
M - 0.20 



R = 7.5 X 10"" 
M = 0.16 



R = 2.8 X 10°^ 
to 5.95 X 10° 
M = 0.20 to 0.42 



a> o 
A c 

*H U 
rH a> 

•S ^ 
3 O 
Ou U 
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TABLE I.- StlPPLBMUlTARY INFORI^ATION REGARDING TESTS OP MODELS AND AIRPLANES HAVING BALANCED AILERONS - Continued 



C - AILERONS WITH INTERNAL BALANCES - Continued 



NATIONAL AHl ' 




^All designations that have the sane superscript (a,b,c,..., or p) denote models or airplanes having the same wing p 



ng plan form and the sane airfoil section. 



TABIZ SUPPLEMENTARY INFORMATION RBOARDINO TESTS OP MODBLS AHD AIRPIAKBS HAVIIO BALANCK) AIIXRCOIS - Continn»d 



C - AIIZROHS WITH IHTKRHAL BALANCES - Concluded 



. NATIONAL AaVISORY 
COMVIITTEE FOR AtRONAUTICS 



Model or airplane 



I Desig- 
nation 
(1) 



Plan form of surface 



Typical aileron section 



Airfoil 
section 



Tip 



Aileron 
locatioD 



Cg^C 



Type of 
teat 



Corrections esti- 
mated but not 
applied 



Air-flow !5 a 
oharacterlstlcsM S 



C-XV" 





NACA low drag 
(See fig. C56.) 



7.5 



0.42 



0.980 



Third-span 
wing model 



B « ft,95 X 10" 

H = 0.11 



C-XVI 





NACA 
66C215)-1(16.5), 
a = 1.0 



NACA 
67 (116) -215, 
a = 0.7 



5.4 



0.955 



0,25 
prox.) 



.Coaij>let« 
model 



II = O.U 



c-xvif° 





CUrk YH 
aodified 
(19 percent 
thick) 



Clark YH 
(12.2 percent 
thick) 



6.2 



0.54 



0.18 



Quikrter- 

span 
wing model 



Whether correc- 
tions were ap- 
plied not 
known 



= 1.1 X 10" 
M = 0.06 
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c-xvm^ 





HACA 

2501B.5 
(approx.) 



NACA 
25008.25 
(approx.) 



5.6 



0.984 



Said span 
wing model 



H = 2.05 X 10* 
M « 0,11 
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NACA 
25017 



NACA 
25010 



0.55 
(tip) 



0.940 



Complete 
model 



R s 0.74 X 10 
M s 0.092 



C-XXI* 





NACA 25012 



7.2 



1.00 



0.56 0.94 




NACA 
66,2-118, 
a = 1.0 



NACA 
66(2xl6)-llfi^ 
a = 1.0 



6.2 



0.55 



Plight 



0.14 
(*P- 

prooO 



Plight 



21 



^All designations that have the same superscript (a,b,c,..., or p) denote models or airplanes having the same wing plan form and the same airfoil ■♦ctlon. 



TABLB I.- SUPPLBMBITAKy INFORMATION RBOARDINO TBSTS OP M0DKL3 AND AIRPLAIB HAVING BALANCKD AILBRONS - Contlnu«d 

D - AILBRONS WITH CONTOUR MODIPI CATIONS NATIONAL ADVISORY 

roMMITTEE FOR AERONAIiTrs 



Model or airplane 




Leron section 


Airfoil 
section 


A 


A 


Aileron 
location 


Ca/c 

0,2O 


Type of 
tMt 

Two 


Corrections esti- 
mated but not 
applied 


Air-flow 
characteristics 

R = 3,8 X 10* 


Published 
reference 


Desig- 
nation 

(1) 

D-lJ 


Plan 

1 


form of aurfi 

- 


lee 


•A 




Typical all 

[13 


Root 

MAG 


Tip 

A. 


^1 
FT? 


^o 

FT? 


D-II 




M 


\ H 


i 














oov«xo; -^lo, 
a = 0.6 

NACA 0009 


oo 
oo 








and 

0.16 

0.20 


dinenslonal 

Two 
dimensional 


Hone 

Correction ap- 
plied only to lift 


to 9.6 « 10** 
M= 0.14 to 0.34 

R = 1,43 X 10* 
M = 0.10 




















D-III* 




^^—-84" ^ 




> 






NACA 

conTentlnnal aertlon 
(approx. 14 percent thick) 


oo 








0.20 


TiPO 
dlBMnslonal 


Undetermined 


R = 1.91 X 10® 
M = 0.13 


6 








-1 


VV 






1 






D-IV^ 






1 








NACA 

23015.5 
(approx.) 


NACA 

23008.25 
(approx.) 


6.6 


0.60 


0.579 


0.9M 


0.155 


Semispan 
wing model 


Vone 


R = 1.54 X 10** 
M s 0.06 


22 












D-V*^ 




r — 


-i 






NACA low dra^ 
(See flgt Dev.) 


7.3 


0.42 


0.509 


0.980 


0.20 


Third-span 
wing model 


lone 


R = 2.35 X 10* 
M z 0.11 


23 








D-VI° 


c — ' 

Tunnel waif 


— 1 

1 

-J 

1 






A 




NACA low 
(See fig. 


drag 

D3e.) 


7.3 


0.42 


0.509 


0.933 


0.20 


Third-span 
wing model 


None 


R a 2.36 K 10* 
M a 0.11 


24 


D-VII^ 




, i 

— |. 






T 

T 






lACA 23018 


NACA 23009 


6.3 


0.67 


0.566 


0.931 


0.20 


Piill-soale 

complete 

model 


Correction ap- 
plied to angle 
of attack 


R = 6.0 K 10* 
M = 0.10 





All designations that have the same sv^Mrseript (a,b,c,..., or p) denote models or airplanes having the same wing plan form and the same airfoil section. 
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TABLE I.- SUPPLEMENTARY INFORMATION REOARDINO TESTS OP MODELS AND AIRPLANES HAVING BAIANCKD AILERONS - Continued 



D - AILERONS WITH CONTOUR MODIFICATIONS - Concluded 



NAIIUNAL ADVISORY 
COMMITTEE FOR AERONAUTIC/ 



Model or airplane 



Desig- 
nation 
(1) 



Plan form of surface 



Typical aileron section 



Airfoil 
section 



Tip 



Aileron 
location 



^1 

b75 



^o 



Ca/c 



Type of 
test 



Corrections esti- 
mated but not 
applied 



Air-flow 
characteristics 



n a> 

•H u 

o ^ 

a. u 





NACA 2213 



NACA 2205 



Elliptical 
wing 



0.17 



Thlrd*span 
wing model 



Whether correc- 
tions were ap- 
plied not known 



R = 1.5 X 10^ 
M = 0.05 



25 
2S 
27 



D-IX' 





NACA 2213 



5.7 



Elliptical 
wing 



0.500 



0.868 



0.222 



Third- spem 
wing model 



VHiether correc- 
tions were ap- 
plied not known 



R = 1.5 X 10" 
• M = 0.05 



28 



D-X" 




Tunnel kvtT//" 




Clark YH 
modified 
(19 per- 
cent thick) 



Clark YH 
(12.2 per- 
cent thick) 



6.2 



0.49 



0.93 

to 
1.00 



0.18 

to 
0.26 



Quarter-epan 
wing model 



Whether correc- 
tions were ap- 
plied not known 



R = 1.2 X 10*^ 
M = 0.05 



29 
30 





NACA compromise 
low drag 



5.8 



Flight 



R = full scale 
Mnax = 0-69 



"All designations that have the same superscript (a,b,c,,.., or p) denote models of airplanes having the same wing plan form and the same airfoil section. 



TABLE I.- SUPPLEMENTARY INPORI^ATION RBGARDINO TESTS OF MODELS AND AIRPLANES HAVING BALANCED AILERONS - Continued 



B - AILERONS TNITH TABS 



NAllONAL ADVISORY 
COMMITTEE FOR AERONAUTIC!^ 



Model or airplane 



Desig- 
nation 



Plan form of surface 



E-I-^ 



E-II 



c3 



E-IIlP 



-V« 




Typical aileron section 




Airfoil 
section 



Tip 



NACA 66(215) -21G, 
a = 0.6 







E-VI 




B-VIT° 






NACA 66,2-118, 
a = 1.0 

(approx. ) 



Clark Y 



NACA 
23015.5 



NACA 
66,2-118, 
•a = 1.0 



NACA 
23008.25 



NACA 
■66(2xl5)-116, 
a ■= 1.0 



NACA low drag 
(See fig. E23.) 



CO 



Aileron 
location 



yi 

H75 



1.00 



0.70 



0.490 
0.490 



yo 

b75 



1.00 



0.984 



0.894 
0.940 



0.980 



Ca/c 



Type of 
test 



Two 

dimensional 



Two 

dimensional 



0.155 



0.149 
0.362 



wing model 



Full-span 
wing model 



Senlspan 
wing model 



Semi span 
ring model 



Third- span 
wing model 



Corrections eatl 
mated but not 
applied 



'n - "-n 



0.90Cj 

Cn 



- 0.031Ci*CL 



Air-flow 

characteristics 



R = 6.7 X 10" 
to 9.0 X 10^ 
M = 0.24 to 0.34 



R = 9.6 X 10" 
M = 0.202 



H = 0.6 X 10^ 
M = 0.11 



R = 0.6 X 10° 
M = 0.11 



R = 1.5 X 10 
M = 0.08 



R = 1.9 X 10° 
M - 0.11 



R = 2.4 X 10" 
M = 0.11 



•o ® 

o c 

A C 

00 4) 



:i 4) 
a, u 



32 



16 



^All designations that have the sane superscript (a,b,c,..., or p) denote models or airplanes having the same wing plan form and the same airfoil section. 



K19 



TABUS 1.- SUPPLBIKKTARY INFORMATION REOARDINO TB3T3 OP MODELS AND AIRPUKK3 HAVIHQ BALANCE) AIUSR0N3 - Conclud.d 

X - AILKR0N3 WITH TABS - Concluded 




All designation, that h^ve the same euper.crlpt («,b,o,.... or p) denote models or airplane, having the .aa. .Ing plan for. and thm 



airfoil .aotloh. 



NATIONAL ADVISORY 
noMMITTEE FOR AERONAUTICS 



TABUI I.- SUPPLBWaiTiinr INPORIUTION RB04RBIK0 TESTS OP II0DKL3 AHD AIBPLAHSS BkVIHO BAUNCH) AILBR0H3 



L-419 



(T>e8lgn«tlona of low-dr*g alrfolli, r«gardleas of the form In which tbay appear In the oth«r 
r«fer«ncee, are changed throughout to the form deecrlbed on p. 21a of reference 43 



A - AILER0N3 WITH PRISB BALANCK3 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Model or airplane 



Desig- 
nation 
(1) 



Plan form of surface 



5 



-64" 



Id 



' End plQte'^^*—42'- 



Typical aileron section 





Airfoil 
section 



Tip 



NACA 23012 



NACA low drag 
(See fig. A8.) 



NACA oonTentlonal 
(approx. 14 percent thick] 



Aileron 
location 



yi 



0.20 



Type of 
test 



Two 
dlaenslonal 



dliBonaional 



Corrections esti- 
ated but not 
applied 



0.2O 



Two 
dimansional 



Sid-plate efl^cts 
uncertain 



Air-flow 
characteristics 



R = 2.8 X 10" 

to 6,8 X 10^ 
M = 0.20 to 0.48 



R = 6.0 X 10 
M = 0.14 



R = 1.91 X 10° 
M = 0.13 



/•TunnQl j 



i \ 




NACA 
65(223) -222, 

I = 1.0 



NACA 

66(216)-416, 
a = 0.5 



0.641 



0.945 



0.29 



Qwarter- 
span 
wing model 



None 



= 1.99 X 10^ 
M = 0.11 



Tunnef ^11- 





NACA low drag 
(See fig. AlB.) 



7.S 



0.42 



0.960 



0.20 



Third- 
span 
wing Bodel 



Noa% 



H =. 2.36 X 10" 
II = 0.11 



A-VI" 



A-VII* 




lACA 23012 



4.0 



1.000 



0.20 



Sasiispan 
wing model 



Ci« = 0.86Ci« 

-a046Ci«CL 



R = 1.44 X 10° 
and 2,88 x 10° 
M = 0.06 and 0.11 



DSTiS 

(16 percent thick) 



8.1 



1.00 



0.56fl 



0,976 



0.21 



Samispan 

wing Bodel 



kd^plate effects 
uncertain 



R = 2,26 X 10^ 
M = 0.16 



1 

All designations that hare the sane superscript (a,b,c..... or p) denote models 01^ airplanes haying the same wing plan form and the som airfoil section. 



TABU r»- SUPPLBrarrAKT IBPORMATIOH RBQARDIVO TBTS or MODILS aid AIBPLAIOB HAVtn BALAICS) AimOB - Oaatiswd 

A - AIL«0«S WITH FRISI BALAHOES - Coatltf^ 



NATIONAL ADVISORY 
COMMIHEE FOR AERONAUTICS 



Modtfl OP airplan* 


Tjpieal aileron 




Airfoil 
••etioo 


A 


X 


Ailttroo 

location 




Type of 
t«at 


Correotlona esti- 
mated but not 
applied 


Air-flow 
charaoteritti«e 


• 

11 

n 


Doslg- 
nation 

(1) 


Plan totm of ixirfaea 


seotlon 


Root 


Tip 




7i 


7o 


A-VIII 








\ / — 


>- 






HACA 
4415 


e.B 

(approx.) 


0.30 
(approx.) 


0.594 


0. 978 


0.22 


Conplete 
model 


Whether correc- 
tiooe were applied 
not known 


Unknown 


8 


A-IX 




-1 




] 




HACA 
2416 


NACA 
4409 


8 


0.6 


0.469 


0.951 


0.16 


Coaqplet« 
Bodel 


Hon* 


R = 0.76 X 10* 
M = 0.11 








! 


A-X 












-i 




HACA e7(116)-l(14.6) 


6.2 


0.46 
(tip) 


0.651 


1.00 


0.80 


Coaplete 

model 


Hone 


6 

R = 6.58 X 10 
M s 0.13 




A-Xl' 


i 








NACA 
BS018 


NACA 

23009 


5.S 


0.67 


0.666 


0.931 


0.20 
praO 


Cocapl«t« 
model 


Hone 


R = 2.74 X 10* 




A-XII^ 




, — — 1 








HACA 

83018 


NACA 
23009 


5.3 


0.67 


0.66 


0,96 


0.20 
(ap. 
proxj 


Plight 


Hone 












A-XIII 






1 








ConTentiozial 


4.93 


0.66 


0.64 


0.96 


0.19 
(ap. 

proac.J 


Flight 


Hone 










1 




A-XIV^ 






1 

i 







NACA 
23016.5 
(approz.) 


NACA 
83006.25 
(approx,) 


5.6 


0.60 


0.655 


0.925 


0.888 


Plight 


Nooe 




9 













^All deeignatione that hare the same aupersoript (•^b.c,..., or p) denote aod^la oj^ airplanaa baring tha •ama wing plan form Mwl the same alrfoiX a««tion. 
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&BLB I.- StrPPLBiBTARr tHFORICATIOff RKIARDIlfO f M f fl OP HOIXLS AVD AIRFLAVES HAVTVO BALAICSD AILBR0I3 . CdntlniMd NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

A - AILBROHS WITH FRI8S BALAIfC83 - Concluded 





Model or alrplan* 


T7pi«41 aileron Matiao 


Alrftoll 
•eetlon 


A 


X 


Aileron 

location 


c^/« 


Tyi>e of 
test 


Correetiona esti- 
■atad but not 
applied 


Air-flov 
cbaraeteristles 


Px^ 11 shed 
reference 


Desig- 
nation 

(1) 


Plan Torm of surface 


Root 


Tip 


yi 




A-XV 












lACA 

2S01C 


HACA 

23009 


6.0 


0.68 


0.681 


0.967 


0.198 


PUght 


Rone 








! 




A-XVI 
















6.6 




0.54 


0.94 


0.17 
(ap- 

prcBj 


Plight 


Rone 








[ '^'^^ ^^^"^^ 




















lACA 

e2is 


RACA 
2209 


5.9 


0.40 


0.669 


0.935 


0.20 
(ap. 


Plight 


Rone 
























lACA 

t2lZ 


lACA 

2206 


6.6 


■lllptloal 
wing 


0.600 


0.868 


0.17 
(ap- 
P»aK.) 


Plight 


Rone 




10 















All deai^Mtlona that have the saM euperasrlpt (a,b,e,..., or p) denota aodels or airplaaae teving the esM wing plan font and the aaaa airfoil teetlon. 



JABLB I— SUPPLBMENTARY INFORMATION RBOARDINO TESTS OP MODELS AND AIRPLANES HAVING BALANCED AILERONS - Continued 

B - AILERONS WITH BLUNT -HOSE BALANCES 



Model or airplane 


Typical aileron aettioH 


Airfoil 
••etloo 


A 


X 


Aileron 
looaticD 




Type of 
test 


Corrections esti- 
mated but not 
applied 


Air-flow 
Characteristics 


Published 
reference 


Dealg- 
nation 

(1) 


Plan form of surface 


Root 


Tip 


•'1 


y 


Cj^/c 


B-I 






f — r 


~l — ^ 


NACA 25012 


Oo 








0.20 


Two 
dlnenslonal 


ACj^ = 1.035Ac^ 


R = 2.8 X 10? 

to 6.8 X 10^ 
M = 0.20 to 0.48 


11 


B-II 


1 


It 


•< 


Li 




NACA 66(2^5) -216, a = 1.0 


oo 








0.20 


Two 
dimensional 


Ac;^ = 1.039ACI 


R = 2.8 X 10^ 
to 6.8 X 10^ 
M = 0.20 to 0.48 


12 








B-III^ 












NACA 
23015.5 
(approx.) 


NACA 
25008.26 
(approx.) 


5.6 


0.60 


0.579 


0.984 


0.156 


Semi span 
wing model 


None 


R ^ 1.64 X 10® 
M = 0.08 


13 


B-IV^ 


.^Tunnel 
1 wall 










NACA 
65 (225). 222, 
a « 1.0 


NACA 
65(216) -416, 
a = 0.5 


12,0 


0.32 


0.641 


0.946 


0.23 


Quarter- 
span 

wing model 


None 


R = 1.99 X 10® 
M =. 0.11 




B-V 










NACA 

23015 


NACA 
4412 


7.2 


0.42 


0.500 


0.960 


0, 195 

and 
0.206 


Complete 
model 


\ = O.yvCi* 
- 0.02Ci»Cl 


R = 0.8 X 10® 
M = 0.11 






i 





designations that have the same superscript (a,b,c,..., or p) denote models or airplanes having the same wing plan form and the same airfoil section. 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 





Lo^er sur^e 



/^ose^op=.005c 



/Vase rctdius- .0l5Oc 



^nf- gap '.OO^^c 



Ven^ Gap' .O/Oc 




radius =j0^c 



f^ose rod/ u^'.OOeoc 



NATIONAL ADVISORY 
COMMITTFE FOR AtRUNAI 



r/gcjn9 Al The vartoas Frfse ai/erons festod on an 
r^ACA airfoil aect/oA in TtvO'd/miSins/onal fJow. 
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JO 




\\x 


rUt A 












— 




off on z7i 

f9Vf (.<> 


J} . 
"yc iafs . ^ 

niJifi<m 

_J 


A 

~l 
s, 


urni 


)€r 


\ 


< 


> 








Model Arl 




Mode! A-l 



Model A-I 



^- ^ k - 



I 



5 



1^ 



^(J3:pJjfMpD^ 4MSUJOUJ - 3,'. 



Model AT 





^1 





|g!lH'!!!!!!!!i!!'!l!!|i|"P 



-If 



.Mi. 



11 



3 



"I 



Tsi 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure A8.- P/an form of o low-ctrag wing 
equipped with Frise ailerons. 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure Typical section through the 
Qi/eron port/on of the low-drag wing 

tested in tato-d itnensiotiaJ loul -turbu/ence, 
pressure t^unnef 




\ Section hirK^e-mometif coefffcient, q 




Secl/on lift coeffic'ferff, 




r/i^ure AI2r T'^o- dimensional tesf insfoUation 
and profile of rr/se aileron^/^^^ 
lO-fooi tunnel. 




$1 

(/I 

o 
o 



I 



5 i' 

ill 





ZSr/n. of oui board end of balance removed 




Inboard end of aileroh 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




Outboard end of aileron 



Figure Al5.-T>ie Frise a\\zrQn^ feted on ihc 
y^.5-^ca[(^. modal of a iap^md hw-dra^ w/nj. 



Model AN 



Model A-Y. 





Jhboand end of a/Zeron 



bol 


Inboard 
radius 


Outboard 
ra.d/us 


Average 
rad/us 




0303" 


0./S8" 


Original 




.606" 


.395" 


0.500 " 




.909" 


.592" 


.750" 




OuiboarrZ er)d o/ n/fcrron 
AI3. - Thz. a^95 balance F^isz. 



MATIUNAL ADVISORY 
CDMMITTfE FOR A F ROMAIITICS: 



0.4- sccxlz 



ail<z^on on 



Model AY 





Inboard end of aileron 



(b) /iodlfied. 




Oufhoarc^ end of attetort 



NATIONAL ADVISORY 
COMMniEE FOR AERONAUTlCl 



Ff^ure AiQ'The O^OCa ^Q/ance Fri^e cj/eron on the O.'f- 
^ca/e mode/ ot a. ta/Derec/ la\jj-dra^ tv/ny- 




Aileron deflection, S^^dz^ 
F i^ure A2 /-Effect of no^z rct<d/u3 on oerodc^nann/c 
charactzr/5t/C5 of the 0-^35 Ca ba/ance Fr/6<z. a/Zeron 
on the O.^ -scales Tr)oc/<zl of a topers d hu\/'dfa.^ i^/n^ 

; Q . a/7. 



4 




fWltron def/ecTion,6^jde9 
Figure A^^- A zrod i^n emu c c h arcLGtaf^i^i / qs of original 
O.ZB5 c^balancz Fr/5(Z aileron an ih^ 0.4--SCale jnodd 
of a tapzrzd lo\j\j-drac^ wtn<^. 



Model 




ii ■ 



-i—j- 



_L_.L_L_L.., 



'{deg) 



(a^ LoiA/'er surface, original 



{b)Upp^r Diirtace , original, 
figunz A2t' Local pre35ur2 surveys cy^r thz O.fc^ balajice 
Frbe ailerons on the OA-scale modzL of a tapetcd 

low-drag H^//?^. oc J" . c^^o.n. 




(c)Upp^r 3urface^ Modified, 



To 




V/ir)q hmqe ox.es 
at tunnc/ ^a/l 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




-^Hif^ axis 



Figure ^Z5r^he OZOc by 0,Z7 fyz ai/erons test ^ic/ or? the 
COMMITTEE FOR AtRONAuiiuc B'fooi se/T)/ sp^n /^ACA 2.3 0/Z cuHoj/. 



Figure A16.' 5 ch em otic 
diagram of test setup 
in LMAL 7- 6y 10- foot 
tunnel. 



COMMlliLL Urt AJiUNAUllCS 




Fig ure A^Z- Tuft action on fower surface of u/d- deflected 
Fr/'se az/eron^ shos^/ng cause of oscillaiton. 



8. 



Model 





\1odel A-S:. 




Moat/ AH 




Model A-M 




I 



End plate 



Chord line 



fr/,5(? al/^ron 




i^lng section; Day/3 (le percent thick) 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



r igure ASS.-Plan form of semlspan mng model 
and profile of F rise aileron. 



Model AM 




Aileron mean chord- 2.99 

(Co - o.aa c] 



Section A -A 
(NACA 4415) 



Figure A37.-P/anform of wmg of l/iS- scale airplane model. 



NAirONAL ADVISOHY 
COMMITTEE FOR AERONAUTICS 



-Hig/i liinge position 

-fliddie fiinge position 




Aiteron A fSharp nose) 



Hinge post Hon 



\'<:ords 

^ C02''diam^ 11.6 iong) 




Aileron B (ISound nose) 



Hinge position 




\-3aCa 



Aileron C (Blunt nose) 



-Hinge position 




Aileron D (£aised nose) 



WATIONAL'AOVWOIIV 

COMMITTEE FOR AERONAUTIC! 

Figure A38.~f lie variou.^ modi f i cat ions of the aileron 

of the 1/13- scale airplane niodef f^.AE. / /- Foo^f- ^^r)neJ. 



Model AM 



TTTTTXIT 



I if 



5^ § 



|2 



to 



.0. O 



-l-i-t-4H I- 



■ i i i ^ I 



NATIONAL ADVISOPV 
COMMITTEE FOR AERO' "'n^ir 
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Figure ASZ'Typicai 5ection through aileron portion 
of wing of fighter- type airplane. NACA 820- 
series air foil. 
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Figure A6l.- P/on ^orm of wing and fypicai section 
through the aileron portion of the v^ing of an 
airplane tested in flight at Lt\llAL. 
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Figure A70,-Deta//s of the original •aileron of ^ecNon A . 
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Figure A7L-0rigi no/ nose and modified nose of the 
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Figure A7e.-Plan form of the wing of a pursuit- type airplane 
tested in flight of LMAL. 



Airplane 




^Hinge axis 
Inboard station 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 




^H/nge axis 
Outboard station 



Figure A 79 Aiieron sections at stations 
neaf the inboard ond outboard ends 
of ffne ai/^ron of tfne pursui t - type 
airp/ane tested in flight. 













1 


1 






















1 






1 
















rr 


















































































































































































































































































































































































































































































0 


























































































TK 


NA 




bv 


St) 


\i 








































C 




Mt 


T£ 


F 


)R 


AE 


?or 


lAU 


rrc 


s 








■ 




Q 




















































9- 


































































































































k 


















Zf, 




/ 




As 




!/? 




■ 
























































■ 


9- 






































































































































y 




































































— 




























r\ 








































































/ 


















\ 








Q 


// 




























7 


















































































\ 




























































\ 




















■Q\ 








-/ 
































\ 
























/ 














































































































1 
















i 
















f 














/ 






















e 
























































It 


4 






lA 


































1 






















































U 


iat\ 


Oil 




/■ 


f 


\ c 




























ff 




m. 






e 








yr 


Si 
















r 






-/ 




li 














/ 


hi 




li 




H 


on 






u 


u 




?/) 


/ 




1 


stU 
















— 








































































































1 


































/. 




1 




1 













I 



NMIONAI, ADVISORY 



11 



.. 

ynw 



:rt n ■Jcf lection , deq 



I tie rolling and 
the ro/nng yejo^i^ 



ya\^//j)c/ arcctoraf ion , 
at^d Jhe stlcA . force . if^itti afJefon 
.. deffection ... fQAlhjsifiij(i^uJMz.j/^t 



40 



<1j ^ 



0 

p 



MTICWAI ADVISi>ffY 



./ .rota/ 
stick d.ef.fec.t.icn 



:'00 



■ - IPO 140 iQ:} leo 

indicofed air ape^d ^ inph ' i'^ 

^■^/(XeMr^tJ^^ .rolling y£lffcif:^,.m .^.fJtA 
.l^f^dlm^ibll^^ for ih^-- 



Airplane A-ME 



0^ 




NATIONAL ADVISOflY 
COMMITTEE FOR AERONAUTICS 

/^/9^A6> - Plan form of ^/ng of Superman ne Spitfire 
Qir plane fesPed in flight at LMAL. 







— 

r 

rZ 














- 

\ 


--^ 


\ 

\ 






i 


W.1WIH li 


+1- 

AlWJWlh 

i 


nir 






- 






















% 


\ 


> 

— 

+ \ 














Q 






4 










( 






0 W 














-i 


















~r *^ 














































M 


«^ 




! - 




r/a 


fio 


f? 0 ^ /6 












































— 










r5 






% 


/I 




















/c 


k 






^/? 


cftc 
































J — 



















































Airplane A-7VTTr 




1 



1 




NATIONAL ADVISORY 

^'^MMITTFE FOR AFRONAI|T|f:v 



Figure Bl- Aileron section of A/ACA ^30^^ o/rfoH 
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(b) Aileron tvith OjbO Cq mferna/ ha/ance. 
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Figure -Iht email y bo/anCGd ailerons on part/o/ - span cu/ng model C-ZE 

LMAL 7- by /O-foot tunnel 



Mod<^/ C-XV7 





~ aa.67" >- 




NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Hgure Cso- '^emispan plan form of co/7?p/efe model C-XYL. 
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F/'gure D /.- T\^o- dimensional model insfa\la f/on of 
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Figure DM. - Two-c/imens/bna/ . mocfi^/ insta/laf/on 
ana/ airfo/7 secf/on witn O-JiOc a/'/eron ■ 
/^/IL 7-^ /O-fbal- funnel. 
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F'l^ure D /S'-Secf/on aerody^?am/c characfer/$r/cs of 
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F'j^ure D /6. Secf/on aerod/nam/c c/iarocftnsf/cs of an 
unsea/ed true^confour aileron vv/fh lo^d^d f rail- 
ing edge. 
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F/gLfre D/6.- 5emi3pan modef of 
foper&d iv/ng. L/iAL 7 - by ^O- foot 
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(b) oyttpord cndji^inj Chord c=^^J:J/4." 
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P7gur(9 D38.-rhe 0.40-3cale model ofafapered 
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Figure D^O,' Left \Ning panel of fhe a/rpbne fesfed 
in fhe A/AC A fiy/f-sca/e funne/. 
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/^7^ure DS5.-W/ng p/ar? forrr? ar?d a/feror? secf/ons of 
f/ghfer airphne used /r f//ghf fesf^ai LhAAL . 
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F'igure E6r 0.14-75 c, seolecf, internally balanced aileron 
with a 0.^6 Ca tab tested on NACA 66,^-118.0^1.0 (off 
airfoil section. Effective o/ieron balance, 0.639cqi 
/\//lCA two-dimens/ona/ /o^-ibrboknce ^onne/. 
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Fiaure EBr 0.40c by 030 ^ a//eron w/th OiOca and aZOCa 
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foot 6on^e/. 
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Figure Ellr O.Z5c by OAO^ o//eron /yith 0.10 Cq fu//-5pQn 
tab on a 10" by 60" Clark r w/ng. lAf/fi 7-^y /O- foot tvnnef. 
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Figure EIQr ' 036 -scale semispqn model of a tapered 
low-drag wing. 7-jby/o-/'oo& ^c//)/?e/. 
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Figure £iQr Aileron- tab arrangements tested on a 0.36- 
scale semlspon model of o low- drag wing. 
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Mleron plan view \Nith upper pnM.H?!'"'*'*'- ^^visoky 
cover plate removed f^^^MiTTEE fob «»0NAt/T»cs 
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Figure E^- Partial-span model of a low- drag wing and 

tob arrangement on a sealed inter naPbo/ance aileron 
and a Fr/se aileron. /LAZ/^i. 7 />■, v-j^oot ti^nnef 



/lodel E'M 




riodel E'M 



I 




-'^^ i.f if: . 



jkl ,1 





51.20"- 



NATIONAL ADVISURY 
COMMITTEE FOR AERONAUTICS 



'^laure EZe^Plon form of wing panel tested and sem/spon 
of complete wing for which choroctenstics ore given. 
LMAL J'lby lO-foot ti/nnel. 
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V-v30car\pic^ 




0J5coby030batab, Section A- h 





Attached tab 



-Die 



0.50CQ Oy Q^Oba tab. Secvon A-A 



L-U9, 




Mode I E-JX 





I 

-J 



tlocJel L'JL 




/i... 



If) 




Model 




•eeometric characteristics 
of aJ/eron ana toios 



V 


Area aft di 
hinge line 


Mean 
Chora 


Aileron 


ZZVbsqlt 


0.663 ft 


Small 
inner tab 


,177 sq/f 


J/9 ft ' 


Large 
inner tab 


367 sqft 


^46 ft 


Small 
double tab 


36S sqli 


.123 ft 


Large 
double tab 


.66.3 sq ft 


,ZZ5 ft 



Wing thickness ot aileron 

Span of ^emispan aso-scole model IH.OO 



685/ 



5<Z9 




NATIONAL ADVISORY 
COMMiriEE FOR AERONAUTICS 



Aileron hinge Ime 



Outer large tab 
hinge I'^G 

pater smol/ tab 
hinge Ime 

Inner small tab 
hinge lif^e 



Inner large cob 
hinge ime 



Section A-A 



•^-Tob go/OS 
seoled 



nauns E4lTTab arrangement on a plain aileron 
on a 050 -scale partial- span model of 
elliptical winq. AfPL 7- foot tci^neJ 



W19 




Modd E- H 




1 




Soct/on ot center of tab 



TT 

/.938 



'9.313'- 



[—325"— 




Outtxiord end of- aileron 
13.063" 



ZZ.5° 



J25 




JZ5 



Inboora end of o/leron 



L563 



NAIIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



Figure E49r Details of beveled- traiting-edge oi/erons with 
bdcncing lobs and plan form of w/na on dirolane used 
in flight tests at LMAL. ' ' ' 





